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A droplet travel path monitoring mechanism for a flow cytometer is operative to adjust the droplet break- 
off point back to an initially calibrated spatial location, in the event of the departure from calibrated timing 
of gaps in the unsorted fluid droplet stream that have been created by the deflection of charged droplets. 
In addition, the flow cytometer is operative to monitor prescribed characteristics of deflected droplet 
streams, and to controllably adjust drop sorting deflection parameters, so as to maintain the deflected 
travel path of sorted droplets coincident with the opening into a sorted droplet collection container, therel 
maximizing collection of all sorted droplets. 
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(2) #$2 0 0 2-5 2 1 6 5 8 
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(4) 2002-521658 

[m^m io] $ ilBlJ$nfc/J^M^#^£^-ov^TBf^fBilSlJ/^M^l[^ 

^ (d w\ (om^<D mm \z x o x mm^mm^m^m^ &mw*iife ^mm-r z> x. ?m 
f^t-s* infill o^iEtt^^ci— ^ h^— 

< £ t> 1 o^^mtefei i: , mm ©TSSOl CM^i£l^#iilSiJ/h?i£cDffc i: 
Jg 9 (CfEgcCT) 7 o — h ^ — ^ „ 
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[it^js 1 4 ] HuisM^g^^ tb&mmmm zftzmmt. mmmm 
ap#- h^b^ttu-caBSPffi-c^T-t-s— tt^mmzm-t z . %^ 



(6) 1$S20 0 2-5 2 1 6 5 8 

IB- ^ i&co K f)> h Kti it m mmmmo sua- k mm £ ti tcmm<D m&umnm^ 



(7) 2002-521658 

[0 0 0 1] 

&&mt±. -Kt7n-^ h^—f (flow cytoraeter) ^fA^iU # 
^3lB'iS.I/{lfR]/jN^9fE (non-sorted and deflected droplet stream ) (D$f 
j£<Z><HM4£K : &U %ZlE£nfc'hMftM&W (droplet break-off location) t? 

drop-formation) 2£tM^iS53'.llillR] (drop-sorting deflection ) ^7;*— ;5 7; £• 
[0 0 0 2] 
(3§ 93(^:1:) 

tit, ^o^*^*^ Wz.t£, skm (blood cell) ) ^Mt5o 
PMjfr^li: UT, -fb^-^S; (chemotherapy treatment) (DMUX ^ c7) J; 5 frft3§ 
/^/B£*L, ^^&(DBU^^#^'R'il (bone marrow ) £ ttfcfc 5 * 

<^lM^MJl£frjfiLE& (SMsfflflS (stem cell ) ) & Mffl LJfc$li-<5 £ £ ^ $>% o 

TM^iX, (migration) t«*3fcliL3*©S^«rilEii-r 5o 

[0 0 0 3] 

Htf-l l&WLT&fcfo (carrier fluid ) (0U;Ui\ l&Tk) 1 2 <D (APEE £ixfc) 
iSJgcbfc, HJ*,i:r*L/iV^tL (stream) « A £ *L 3 „ r eP«fti£iSfEtiW2tfE 

ftliifltflCiJt^ (fluid flow chamber) Stli7o-t/H 4©7c-f + ^/H 
3 (-»o7c75"[^(-f^]tt £>*L5o I#7a-ft^/H 3 11 loi»til&±Ol/ 
-if'l 7 b^^fr%^fomW^^^Mz.£^xlfrtftZfrZ>\tiJl i e—J* 1 6 <b 
fill 5T^it5 0 i^— if ffl73 tf-A l 6*s||ft^j(E#:o«EtLK:J:oTatWf*n 



(8) # jf 2002-521658 

^tt/cTt, M^i^T^Pl-lt, ^t>^J^^f+^Lfc^^^,fet^ (fluorescen 
t dye antibody) b <7?7fc£fc#t£r"atj\ ^fl^flfttt^F*!^^ (content ) (-?:C7) 

^(Dm^-xmm) ^x^x^m^^ti^t^^nm.^j:omm^ti^ 0 

[0 0 0 4] 

» $(D : tf$M (flow chamber) £ril 5 o — f-^ ^/H 3 f3\ 

*fcii*ffl)l&^— Sf- 1 flS-f ofctf If (Dmti hf— A 16i ©^SUffig 1 5 £rii 

±oT3EH^tL5we % 2 1-t?^£*l n m2©^-r 5: >-^m^>B#Ffl t o 
^»^i-««k 5 ©»ISfcB8il#»t5rt*si?#S, ^fetfettJif 

^ r»*j (sort) j mm&mti-$-M&. wttiMp^hstfiUPi 

SOTSE^ES^tb^^^hiKSS'JSS (electrostatic droplet sorter) 2 4 \ZL 
[0 0 0 5] 

ezoelectric transducer) i^X-oX) WHWi £ tt§/J^M^^^ (droplet generato 
r) 17|c:j;otfi*©/hiOT^^„ ffi^ ^/J^teiWsit^cDffiq /K— h 
1 8-CtCt^t5©-C{ift< , fgSiCig|£Ufc/NiS#ft2 2 £ b-Cii^. ^<£> 

mWM>Wm& (vertical travel path) 2 6 fZlf&o T^ffj-f 5$fcft,£fcfci:— 

5*©nf H it 1 £©rafcfan*ra t 0 ®® ( ' sort ' delav ) bp^m 

[0 0 0 6] 



(9) 2002-521658 
WlglMf-^- (acoustic drive frequency) GDj^J&^f- J; o X fl $ tl, ^(D/^ffi 

^SS2 7 fd^P^tLS^WiEibi^jfemfi, 21~480kPa (3~70psi 
) U&<Dtiii£j±j3X% 4~100khzg^fe5„ 
[0 0 0 7] 

^tamtn^i-xmmT^^yHt intern. f--r h^-^^^!?-^^^-^ 

3^5 0(DPig^MJ^7°n-lr5/-y-(c:J;oT^T$tL5lfflM^$/ (cell 
type ' mapping ) ^ fiigdSI| (identification) 7^^!i XAt iot^ff ^ll 
5 0 r(D^W(-S<5v^T. ©J^l7 P c-Ir^-^{i/J^ilSiJ|§2 4 (DffinRVtmfa (ch 
arging and deflection ) frJWHJgg 5 2 i^ftJWf -S§r&W& U /hM^iiS'I *fcfi 

[0 0 0 8] 

^SlWRTlgf-MBIJi-Sfcfe^, 'bmm%m2 4n—m<V/hm (droplet sequence 
) CD^if]SS&2 6 SrlX 1 ? (at?#®^f^:^ 7— (electrostatic charging collar 

&£?Kmm£frfz-&m^v ^^^m^z^ t^xz z> 0 mm* 7—3 ir±«E# 
^mp^°— h 1 8 <DSiET»fDT\ ^o^rm/jN^2 s^^^or^jii^-rsiig 
ig-rs m©#i (s*t<^*n4, S5m/±^) m^^^- 1-33^3 5<D±m^m 

M£*t> ^(^^m/hM^ttfiTl^^^tbU, il»JS^3 6 (d^oTilBU^ 
ttrilBiJ/J^i|X»^4 lia5/5\ £fcfiitSiJ£;txT}^tb«2 6 £i§i® L 

[0 0 0 9] 

V (sorting routine ) (75^J^(DT-C\ mWtMFfi t 1 2 (D0f J£©i*f ^®JE/^I^ 

3 2 (±b#f h i 1 1 , -rteti-bmmmm t o 1 cwrHt^mTj 7-31 ^jH^k 
moztix, s<;uxmmmmr3m 1 1 2<D^TR$<75B#fiu t 2t-H7u -^tu-j; 



(10) #S2 00 2-5 2 1 6 58 

i2 3Cll 2o<DSxt^tt^Km/EiifB]7 p ^- N 3 3&t>*3 5<Dffl&mmir 
5^f©tf (opposite charge ) § 7° N fc^l # O — *T'{± 

IHB#{ClPC^fci{i[W)^(7)m^ (the same or like charge) &#ir ST* U— h \Z 
<toTS^$il5o r©^T7!Jy^fffl (electrostatic steering actio 
n ) Hiot, <gfl/M2 3 C {i£/Hg^U)gi& 2 6 (Dfrtz%> (b<D®fa&W)&& 

[0010] 

m&znz^bte'bffi (drop) <DjEmti:mffl<Ditib\zmitoxmm-eibz>&. ^tin 
mfa-?^- h 3 3RU3 5K£^xmm£fr. ^(Dwmm^m^mm^s4 1 ^ 

tfcM£tlZ><D\-ifil)JB£tl1tmMffite'<'l'X (sort charging pulse ) 3 2 (DV&ffl 
[001 1 ] 

^t£jEmz$mx%z>h(D-b&>z>&, mmx$f£\,^<ni>2bz> a 0iia.fi, 

«tt}PxK- h tit L t i^©Itl© g ^x^yu^- ^tft $ /hiWBric^ 
oustic coupling ) „ ^rtStW, %:<D^=-y h©W«i«igt©iif ^ 

tt-5 0 
[0012] 

y^^m^n o^t&mm#}temfbt£<>x^z> 0 ^mmmmt\^x, rtt 



(11) !&m2 002-521658 

JEMSim-^Wiae^StlS: (excitation frequency) KH^gl tt**^>f K 
£,&2gc£-£<5<^ »K^^tt/!>>e>JFM^tLfc/h^2 3 {iff-it LT|Lx.5± 5 f^ft: 

5 0 fcmmmm^<Dm^&mw^£^xm*&tinm'p-$-z>^ tx% 

[0013] 

Sfcf£Mf±* ^^<^olS'J31MH#^^m^ (several drops ) £A ft left 5*5 

PflSriSS'J^T'A^A^-rSo V^fA^li (one droplet ) gilrtOtft&l^*- 
ZtUki^ gfef^Mfi, X(7)j®-e^^*fflllS (biological cell ) L 

tcmmm^-X (beads ) Sr*6fflU-C«3E»BiJ3HgSria:^XtJR|lfrr5. t'-X 
ttx^ K (slide ) cD_h-ei!B'J£*K *r<£>*7>r K# (IfiTf) m^^tL 

[0 0 14] 

®m-%-<Dmm&mt ^x/mnm&tt&m £ * s r £ k: j: o -cbkbe «* 0 r 

analysis sequence ) «5 ig£*L3 0 idSSWE $ tt 5 «fc 5 „ r. (D^ff $gm 

[0 0 15] 



(12) 2002-521658 

1 5 (DT%ttctf/hffiftM& 2 5£<9 m(D&&&^mmfot£ffifo(Dmn^ ^2 CO 

gj ( 'second look ' ) &%L<9 Atl. &M<D U— if is XT J*i)*b 
m^iThtzM^k^— Y<D%^Wiffi&\%W:WfalE^*TJ* (forward error correc 
tion system) £jjfi^&tf \><DX$>Z> 0 i203fe^f A<Dgfi<]|i, #fcf£<7}»fc*L 

[0016] 

su©»3g^«ttL^ /j^^^tto^w^jS^^-rn (shift ) asfcv^^s 

[0017] 

«3»ltS!E^liaffc«-e/jN*^«I^S:jHI«pi-5J: 5if^t57^- K^y 

^-<— ^© (feedback-based) {§ ± oT^Sf-^;* *L5 0 

iotf 0 W$tLfcSE#:/hSl|jflE (fluid droplet stream) «f*eO|B]B£ (gap ) £g£ 
Fait, P*SJI^£f1^mLfciiIft£*lfc/N& (deflected droplet ) tf/hiJUKf** 7 

m&^ti&mm ^x^mm^^cof^mmmm^-comm^mmi,. zx 

[0 0 18] 

fKStSET — ^ry-{7=f-^ (instrumentation architecture) te, _L3>ii<£>|g 1 09 > 



(13) 2002-521658 
^T^A^r, 3E(D^ HI^^jISIJCO/JnM^HjSSS (unsorted droplet travel path) 
»-BBiti"5*»»J/h«l rWRgj (unsorted droplet 'gap' detector ) t 

, MM'hffi&W}B& (sorted droplet travel path) fcHiSi-*«lRl/»8U'hW 
ftlttj^ (deflected/sorted droplet detector ) £ i#3&i~<5 (augmen 

»MiXit5ltS[)^^K- (viewing window) ^ttSi^Ei^ 
*L5> ft^/U*?— $&£M (optical energy source ) t BiiS^ttJSSS:fllx.-C 

[0019] 

^^^f-^W^t-ii^cUfc (periodic sequence) ^ilBU (#^f®) /hiffi-CfcS 

t>©^*5tt5ffiii«wflReES:»33iji-s (identify) xomrf-r^ 0 $tmm'bmffi(o 

flection path ) t^fto TJSSU * tbfc/J^©J|X||»»©*|Rl^«l LT V>5 r t 
[0 0 2 0] 

flow chamber) £tH 5«EfrOflEtt*>&^H|-r 5 NfHQ t , ^r^(7) x $f®/h}jf^fil 
r KIB8j ^i&H^BUIBlPI ( 'gap' transit time interval) T'fe5„ ->^t"A^^ 

mMVXsi-m^iE^m (calibration ) KM1r o 
[0 0 2 1 ] 

■v ( 'predicted' gap transit timer) /&SjlBUjll2i<E>jj&T I^^H!*fti"6* s , 



(14) ^2002-521658 

m&m?^'*^ wi«*s*a»j/hiBiBiietfttB*o«aE^-f > v-ft^mm-rz t 
~(Dtifr$^ miEztiizfflffi&mmfflmmfrb. mffctem® fab ±ffi<Dmm<D& 

[0 0 2 2] 

^m?$wc&m?4-?&?4 A7^ mci&s^ wifctftmsFHw^'r-e (ga P de 

tector prediction timer ) i: ^R^^f'S'JIi^-l' (gap prediction difference 
timer ) |»#rr3o IWMltfeffl«-ai*>r -7|ifc5tN«/JMfl (drople 

t period) I^LV^ittiBBtllWSrfiiabT^'f A7!> MZLfcS^ mfiNf@(7)Jg 

(D? 4 5 yif*7 4 > K— (timing window ) £ fcte^PHte, R8Biti&tti&f&£ 
[0 0 2 3] 

TO^S'JU^-T^fi, ^ WGMmihm % >^?^>K- (predicted gap tr 
ansit timing window ) 0 -e0B*&U Wlfca s #»»J/hWMI8tftm«M£ «t o T 

tfeW$HSI^rat-^Ti-5^'r 5 >7imWmr£\ (timing duration ) £;fri-5 0 

[0 0 2 4] 

^T^tfi^tlUlte, ^SIJ/hM^^^^F^I^W^^^i-if-^^l: (signal t 
ransition ) [CO^T^^ ^ (RiE) $ tLfcB#F^^»H#F^ r (7>HI 

^>»J^#L*»fe3h7-fes/ h/NB3WIS (offset droplet period ) Ufc t> Old 
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[0 0 2 5] 

nzjrfa (rm) */tt4-tix»-jfi#<^iRi (jl«e) mix, ssijjKEiEi^mm 

[0 0 2 6] 

<D94%V? (gap timing) fcl^FgM-So tSOtuf-SU<^/J^£W£ Vj^fi, 

•e^M^^^^r^tL^O^^gct «?^»-r^^^^6 (fall back) , BP 

ibmmiTZ) (retarded) J; 0 \Z^5<Dl<Z^ftf£^%^tft\zWM~$~Z> t £ 

tSrit^tt^S, rO^feintCiS^lt^ft (gap-skewing) <£>ffi 

h £M«-r 5 fc * \t % ^mwum^mm^ ^^x^Wi-r^^m^t^com^ 

o 

[0 0 2 7] 

*LT, 3B'J/hj8iB|Bli|£8g (sorted droplet deflection path) {df&o fcMlR] 

ti & wh« «t o r 2 v ^ ^ ffl m & & tt b n r v ^5 54 naa & v >^ itmm&Wi 
m^bm^^titc/hm^^^irK^^mmvx^^m^nmm^^o 

[0 0 2 8] 
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frtcmtm^mtti£tins<try h (packet) &Mf&-t-z> 0 -<D^m^^h 

tmM'hffi$Hil%s (sorted droplet detector ) ^iii^SBtte. 1 M 

droplet receiving opening ) Jd— §fc LfcS ^ i 3 /hMilElJfltf^lL 

# 7 — ^RlAP^tt^^ffliftffi^^^- (charging voltage pulse) (Djz^^&fflM 

[0 0 2 9] 

(Dm&l£fatc/hffit$l^'bffi3m%B.'<tr V h (trio packet ) £^/&-T5 0 CI CO 

3 mm^^r ? v ^m^uhm^m^mm-r^, /histfcms£r* j $>j* v 1 m<o 

[0 0 3 0] 

<Dii^P(7)^ig/h?Sf4^_h^m®ta;i' J: oT31b $tt^V\ 1 flg(D/h^(75tu^ 3 
[0 0 3 1] 

V h^Lj ( 'packetizing ' ) (D^m^tt ZtMZ , /h^iS&J^^lft ( 
incrementally ) Kl EP^P £ 5 iiS'J (/J^^^® (droplet-charging) ) ff-^-^ig 



(17) 2002-521658 
ffitZ'htiS (sequential droplets ) \Z.m&iTZ> ti^frKLWkt $ 
0 2ocOjg|^Ufc^BIJfS-^- (sequential sorting signal ) fcft/^^^ttS^ 

h £ U"C# X h i&lMOl^WMWt^r (consecutive sorting signal) \± 

[0 0 3 2] 

/h^tfettJ*t-<fcoT4fej*$tL5^/^©ig[K)^^EWfh*C (running count ) i it 
^$tt5 0 2o<D|+m^ItwF^^H^j5f^^|5g^^Mx5^-a-, /HSilS'J^ 

ilBiJ/J^iRA^^^P^^-^^-fr, ^tL^ioT^:Tc7)3lSU$ixfc/J^<7)iR 

i&iE £ tt 5 * -emsmm & n z> 0 

[0 0 3 3] 

B'i^^J^Pp^ffi^^^E-r^o WIRt^ 5 y^iSii (gap timing, adjustment me 
chanism ) fi/hM£& 0 #< ^ffl^Cff^Sl-'h £ teMWlfc rt^i" 
1^<£>T% j§tlKi£if^l (tranparent protective chamber ) £rf£Ji L-T. h ^ 

[0 0 3 4] 

^(DPgfil^ (isolation chamber ) {4j^ffl^^^> P> W t h irtl&W^ t 
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5KjHSr»*i"Sfe«)^, ltt<DM&fflM£*l1t=^TjJ—7 L >' (air curtain ) 
[0 0 3 5] 

* o fa B£tfc tb^s»j/his^ e>©tuMt#±JE©ty 7^ y v^fA 

MS Srff 5 * fcf iJffl-T 5 £ # < ft 5 £ £ # *> 5„ r <o «fc ? U:/h*»SiJ 

fc5^*fcMfl&#^< ftV^W^frfc T^Ej /Jn^ ( 'calibration' dro 
plet) fit, /Jn«SSJ3'JSS©^t«*7 — t-PP*n^tL5^f««ffi«:{£^b-C (Mxf±\ 
»l0^-tyhf) mj«¥Frtgt^«$tL5 0 r<75 J; 5 

SW£*Lfc^tf>'hiB (empty droplet ) ^ilB'J/h^itJ^Sg^ b 

[0 0 3 6] 

W(D&:J££»imz~$-Z>i>(DXi-3:tj:\,\ Wh, mfaMRMJE (deflection field v 

oltage) tfS{£TLfc4l3\ teTUfc^*«BEti#iSBU/htB*fc<ftttlPri6*liBI«Sr 

4C^*5(7)tWit)^t1i^< MfafiSt (deflection angle) fit 

[0 0 3 7] 

(last connected droplet) £ LT) »fE^CO»ftttiC^gt$ttTV^ , gH^^r^— 
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m<DtMzm-n&m$& (conductive path ) fimmizmmx-z z> & 

[0 0 3 8] 

— (drop-charging window) CD^(-(^ K y "7 h~f~ frWa'aH* ^M^M^Wl^M 

m & m-r ritov^-C'fc5 5o /J^m & iis'j u & v ^ t i-immm^. t u x ^ as £ tt 

[0 0 3 9] 

icm^Zm^, MftiiLt, «_h«cD7ci-f-^ h^-^|+^ (inst 
rumentation ) ^ llfV ^^Mef RW^(Dfclb(D s ^<D£? 

£ o T W<B f-W h f)>X&> 5 £i£-<T fax. o T ^ Z^WmKir 5 r £ (D 
n y ?m\^£Z>®\^\-±±t LT, t£3fc<^iig7Vl/— 7° (functional grouping ) 
3§l^£ t>\^B^mM £tt5 £ ££@#)^ LTV>5 0 



(20) !$m 2002-521658 

[0 0 4 0] 

13 3 fit, J: 5/J^iffiiWltliSr|iJfflt5 7 n - iff h^-^V 

mwt<Dmm&m%^-tz>tcMz.9 o° hhelt^l-c^5„ rn^^^j; 
fchnkmcMi&mm&mTLX^zft, mm?* mn&i ( 'post' -chargin 

g ) (DA^OffiW.^M^'r — i/a >- (droplet gap monitoring station) 6 0 £r 
#L-C^5 0 r^^P^J/hM^Ht^^^ — Vfi, (IRx 
^ ; infrared emitter) (D X 0 M 6 1 £ , Pil^" 3 3fe^£ii^ 

[0 0 4 1 ] 

7-3 lft<D{tm2 5^$i£#ft{fctf>»,2 2rt>?>^ifU 0^#»W^4 3 (Djjfa 

(^m) /M2 3 -e$>5t<D^*5{t5P H ii^2 8o#^^itsij-r?,r £-efc5 0 
(Djjm^®faW& 3 6 Mi&o t^UjLT^ 5 r £ £^-r o 

[0 0 4 2] 

e o(cpj^g-t-5B#p B i 1 3 t(Dffl(om-£mfe(D mm ^-®bB#r^p^Ps 1 1 3-efc5 
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[0 0 4 3] 

sort pulse) 3 1 ^TOl HU(d/h?j§ (ilS>Ji~-<# t> <D h £ tlSt^^t 

tr) tf^f£<«;ixa>b#$£Lfcc\ £ £r«Bfc-f5„ rtL{c«to-cmS^^fii|x^ 

/hM{d#*tL5t^(dJ:o-Ci|X^^4 1 ©fl'^tsri:^^, 
[0 0 4 4] 

[0 0 4 5] 

<Dm*te?4 5 ^^'i'j^^-c^iisij^tLfc/j^^ov^Tiitf £*t5r t^sa? 

^5^-efc5, rtttt, /h«»»J»*^Tiffi©WI««miHilS*-e©^«ii*M 

fcft±-COilS"H-<> hfff-^" (sort event signal ) r.(D3§M 



(22) ^$2 0 0 2-5 2 1 6 5 8 

[0 0 4 6] 

rroswt, ssu (/j^^fS) f&-i-*s/jN«aiBij«2 4tj:ff*p$*L<5B, wmm. 

^fg-f- (sort representative signal) tfSjggijgfcf^ofca&fcj&g&^^fg (reso 
lution) fd^UV^U— h (rate) 1? * * V (sequential locatio 

n) »C##i&**l5o #*JRtofc0!lfcLX\ (JEtIW^16KHzT'ii^ 
ft<5#£0 /hSS l ^<£> l 6 ^-(7) i ©##tBfcBBi£-*-5 2 5 6 K h z tf>##&^ 

[0 0 4 7] 

— ^iM*y mW^^ry^ y h&W (offset location ) k^^fcB £ft<5 ^ 

<D^!i-e(i, ^mmmn^(D^-y±y N^^-rsfc*^$m/2 5 6, 00 

b<D^B#F H 1^|±5ff^-i!*^_h|WIH# (concurrent) fcifcS. JfcKr©?*— ^##T 

£ ft -c in to o £ * s -e &> 5 £ * & £ ft 5 * > if 5 a » a * ft 3fe $ ft , m -*§- 

[0 0 4 8] 

£<bMf¥b<s 5 fc, i&:E$ftfc^*-r.M;iS^-C, ^SBWl^ftKBS (pr 
edicted gap transit interval) t 1 4 fc-ftM/ffiW&VR t 1~ t 

ft5#. i^m t 4 liffiK 2 8 ^/hirrEIISES^r-^ 3^60 l^illts i f g 

ztizmm 1 3 «fc v) ffiK$L-?z> 0 ^®mm&m?-( 5 ^ ^ k- 1 14 ^ 

& 7- sis mm-t 5 ^ * &r $ l t © 
(w#u<is^^fta„ 

[0 0 4 9] 
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mnEfflm 1 4 5 kmffi.^mmp'f ? ^$j^ips 1 4 3 cd^s-*^* 5 o 

ttiHs^mif'f 5 ^il'J^PS t 4 5 liifeSfNW/hftDjrBl (droplet period) ( 
[0 0 5 0] 

i^fl'J^UjP^fiS (predicted transit interval) t 1 4 #^Tl-5 W t 4 fiffl 
P£g£*j|X^— v'a ^6 0(7)^S^^>K-6 5 (7?fu^6 7 <D/hM 2 fla^_L»?L^& 
P^^ffl^«lJ^^ ^ >?m7E t 4 5^^i*T-> MC&SBtF^t 5(1 
, fflm^U^'T — ^' a > 6 0 CD^^ ^ ;/ K~ 6 5 cD_k»?EC (upstream end) 6 
7 CD 2/hMF^T»fL-e£>5„ 1215 A&OT] 5 BcD#ftJ|5glftft$JcDi§i§\ B#f?SJ t 
5 {2, /J^^^S^^- ^ K— 6 5cDtfj^6 7 (D/hm2.mft±-M<DiiLW.frh :: t(D{'iL 

5cdt\ mm.wnnm^m?-( x isrmfe t 4 5cd^ ^ v-few>^v 

[0 0 5 1] 

> K— t 14 <D#t- <9 <D t 4 -C^* >9 , Fn1I$ 2 8 tf>3teflg (leading edge) tfS/h»Sllfl 
[0 0 5 2] 

p H ipf ^ai^pj^^ ^ v^sij^ t45c7)^^5^^-7^^ k-cdf^ p^^m 

fcfc^-tm^mtZ 0 O^OV^-C^K^tLSo 1115 A^^CD^^!®^!!] ( 
gap transition) - T? J3 FnI PlUi , 1$uE £ ftfc&Wl&fffl t 1 3 CD^TB# 

-efe5B#p H i t 3T4f5 0 sm^^i-sfc^ p^^tu^P^-r 5 ^^'^^ 

>F-t4 5 CD 2ft<D 1 ^|$^#ljMt 4 3 7i^^^^5^, ~<Dm&l~±mW- 
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[0 0 5 3] 

(om-B-n, mmco^-c s.^ymm (msB^m^^mmmti^x^^tix^^) 

[0 0 5 4] 

_hizE^<t9^, mmm&smmk 1 1 3w>t5rtii, /j>i«i2 5 

^ (plug) ^jisiJaBMB#F^^S^b^< frSJ: 9tt5r ££r*!*i-5;^ r*L 

%W&ft<0^fob<0l6Ll-<r>WiSL. (recovery) lr^:©M £ *iCf£T $ * 5 Q 
[0 0 5 5] 

WBStfeUiNFW t 3 ' *s«:E$*ifcroi«*ltWra t 3 J: 5 itifsr^it 
f&ttS ^iX^l^|^^SJjB#P^f^PS (currently detected gap transit time interval 

) t l 3' tt«jE£*LfclBIHt 1 3^fi^i-5*-|Rj^Mlt$Jx5o 
[0 0 5 6] 

/J^(4»fE«^l 4(Dtt5P*°— M 8 i/h^l|XSW^4 1M4 3©IS<D^ 
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[0 0 5 7] 

m 2 6 cii&o x&m-tzitimm^m 23-1, 23-2 &t>* 23-31;, mm^ 

ffim&\m&3 J: 9^^$tL-CV^/h?i2 3-4cDilSiJ^cfco 

T?f^$ix5^l^2 3-4G/^V^-C^5 0 ^j!SIJ/J^2 3 - 5 <DW. CMJj^m 
G&2 3-4G^^-f-5f c ^^ /Jn^2 3-5(4M^ig$H6(^(--H^^^ 

HIM^^^cD/jN^fi, ilfR]SSS3 6 ^fe v oT^*ji-SjlSUin^ii[^^tL/c/h^2 3 

-e-CfeO, t^o-C, /h»i(j^^2 6(Cfi^Pf 2 3-6G^t5 c 
[0 0 5 8] 

L#>U rtf)P^|5&2 3 - 6 GcDil:CHU^^fc5#ilSiJ/jN^2 3-5<DM^^ 
6 3(^t±i^i-#t|^$^5^l^^l±Sm-^6 3 S tM&?4 5 6 3-Tfi 

m<Dr$Mfe'hffi2 3-9 — 23-1 3\z.x^x : mi&£foz>fflffi.tz^^xh{k-rz> 
0 m^(Dmxn. ^©tti^FHii^ii ^<Dw}j7^5m<viMffiistc^ffi2 3 - 1 

4 — 22,-1 8&W1-5/N&2 3-1 9 £&V\, _h3£<^^C®}n(c: J; £M 

^*hr-5*£^&^ 5 ^^mfeKx^xmitiZfizmmmz, t^mm^m 

[0 0 5 9] 
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[0 0 6 0] 

£ bf-s¥L< s 0 117 11 2ffi<D-r<lZffi.</hffi2 3D lSt>'2 3D2^ 

— #wo/j>si2 3 d KDmm&mmzti. wiaot^i;t<^ti 

j^-e^i(j-r5ii|S]^^fc/h^ 2 3 D 2 v b 2 3 P 2 Sr^"T5 «t 

[0 0 6 1 ] 

m 8 {4, 3i©fCi^</M2 3D1, 2 3D2W2 3D3^ISIJ/M 
ft£l<D2iia<£>/NtS2 3D lll>*2 3D 2 <DmB£fc$8M£frZ><DX% -t*L «b tt^- 

m< £ p>(-iiS)i-c^ibi-5MiRi$ixfe/h«2 3D 3 t^i^bm smm^y b 2 

3 P 3 Sr^i-5„ r (D/JnM 3 filft/^-jr 5/ h 2 3 P 3 ^ilBlJ/JsM^tB^ 70^1 
[0 0 6 2] 

HS7&>b<BfRl$nfc4fi©i-C^</hJS 2 3 D 1 ~2 3D4^LTV^5„ 
-C{±, i8Wi^©«t 51-, ft^3fl©/M2 3Dl~2 3D3i5 t I3C/J> 
fig 2 3D 3 <DmmX*&W]-fZ> 3mU'*>ry b 2 3 P 3^^i-5„ L*»U fg4 
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(D/bffi2 3D4|i ( tut- 3 fi^ix^JiCO/h^JciioT^tT^tLS^-e^JS^tL 

1\ 3flam^^^^ n 2 3 p 3^t>r H iPS^wuT^ii)-rs 0 wftwrnxk 

t±S^7 0 3 M/-^ ;y h 2 3 P 3 Sr HB©*#fc/jN$R©«fc ?l:|,x.5i^U 
7 3£38£U JtixK: im(D/bm*^-tmi&*^\irZ>m2s</u* 7 4&ffi< 0 

[0 0 6 3] 

h^ixSo 3o^tLJ^_h<Dig^U7cilSiKf-i-^^^tL^^, 
[0 0 6 4] 

-^•^^^^ 7 siaot*')^ h ^rwffi^fi]t^7 asu/hiRtfcm 

3§7 0}-«fco-C£/&£*L5/-Vl^£#?>' hi-5^7^>-^ 7 8<Z>fcH;fc£tt;t8E&*L 
3 0 2ocD|+^ff^P^CO^^BFf^c7)^|||3g^^M^§^(±, 2 0C^)ii^^n 

^SSffi^/i'^ 3 2 £^!7 — tr^T— v^a ywT'ot y-f- 5 0 tiotl 

[0 0 6 5] 
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10 0 6 6] 

mMmv>fflMizM*.Xs mwmmz*>nz>m$iV< te^tmn&wt^oM&to 

[0 0 6 7] 

mi i~mi 3&Tjqm 5~isi2 ot/T^tis^t, mm-^^^y^nn ( 

clear plastic material) <£>«fc5&» if t^IB^OT©- jR|CR*|^K:itt|ft"effl 
£ttfc:^!7 i?l/Sf (rectilinear housing ) 100c L-T1#^ $ tlTU <9 . — *f 
©fllil 0 2&TJ«1 0 4 ^fL, rtU2An*°— MO 6a>&#il£UT$Kg|S^l 
0 8t^7U t£oT. teS^-WWcrtgBMcl lOSrS^LT^So ^"7^ 
^^ffl<7)Ji^t) ? M^ffif±^:^^^BJ^-'^— 7°^— h 1 1 1 4K 

2 0 2 tfWLQttttbh^ 0 2i:iMv'-yH:J:ot7D-t^ ( 

flow cell ) 2 0 4a*lX e>*LTV»5 0 9 — 2 0 2 fi^tl^ii 5 

2 0 5^tf54^i (cube-shaped) y ^£|5q n n UTfl|^$tbS«Z)-e 

, (orifice) 2 0 6 t*7n— 0 4 ^ffi^MMAP 1 0 6 J 

[0 0 6 8] 

^f*/h»«iRi^^— h 3 3 2fct*3 5i4. «t o \z.mm. \ o 2M1 o 

4^{iij(^M/^-eiag^tbSo «Basiii o stDtf^fi, ^iis'j/hM^^ss 2 6 

<bS^$n, #a*°-h (exhaust port) 1 2 3 UT03jl 4 3\ZL 

fLZ—mzm(D ft (longitudinal bore ) 1 2 1 £W-T5 0 1 >tf 

<omm>bmuM*°— h i 3 i&t>*i 33^ 7c 1 2 l^MJt^^ottfc (offs 

et) «S«|SS1 0 8<Z>— «UtJ:jEfll**LTV^« 0 M 3 1S.T>*1 3 3telLiN£ ( 

stop-cock ) Srfflv^-c^-ciBffls ^gp^ii^n^v^^^is^w^* 



(29) 2002-521658 
biological material ) &&r$&&?5%?1r £ CD ^ffiikir Z> 0 ^<D±^m^, ^.M^ 

^-y'^^o^-rt #^M^io-c^cbn6 0 mm^m^mm^2 o 7 fir 

[0 0 6 9] 
[0 0 7 0] 

mil, mi s&uqai 7—iai 9(;i^£*l5J:?^ ^iap 

2 1 0f'^^^tL5#m>&7 — 2 0 2f^C0 l^J-CO^mAP^— N (pneumatic in 
let port) 2 0 3&T>*2 0 8#\ 1»©^AP*- M 4 1 4 3 

fflslli i o 2St>* 104 fcgs:^$tL?>co-e % m 2 o t^£*L5 «t o \z., M^famz 

foZ>^-TU — "r^2.\\^ 2 13^fl*7-W-M4 1 l 14 3#>bPS 
8t^<D {C^ o fc^[R] (C ft >b fl Z> , 
[0 0 7 1] 

'OV>TttjlSiJ$ttfc/hM<7)^^^^ (bio-contamination ) ^P^ih 
-t-5fcfe(c x i^MAP*°-M4 1M14 3(1 fI*7-AP*°-F2 
0 3&t>*2 0 8 t&lZ. 2 $ ^ n ^±60^:^ ^ co^^iiii^Plihi-^ J; 5^ 

ported) c 
[0 0 7 2] 

£fi&V\, $m£fofc^TZ>—'r^fei&M£tf—h (low vacuum por 
t) 2 0 1 (-Jzo-C^m^ttSo X£l^</M4. x7*- ^^^^^ilCT^I^ 



(30) # j} 2002-521658 

£ft<5 0 ftmWRjteWt IT, 7k^t£<£> 1 . 27 — 2. 54cm ( 2 1 ~ 1 
[0 0 7 3] 

k Mfo £ * 5 * ^ , *c(d&x tm* ft ± < ft v > t m jfe * ft 3 M^i^/h 
o^°— t^ytLrt*m-tz>h<D) £#m#7-3 i dEPAni-s r t \z 

[0 0 7 4] 

Ell 4^«El&dS0i|^§ftXV^5J; r<E>te«£ftfc;fc# ^fliaot 
, I^$ixfc^(D/M2 3Eil ^SSU/hSS^ibiSK 2 6 ^f^-f^-^ftT 
^5*S, ^/c/JnM2 3Ett*3»giJ/h*J|X^*4 3^«to-CJ|X*-C#SM«J^f!l 
m&4 6t}&oTl|Si^ii5„ rftr4jE#t^«l^*ftfe/J^firotacROtft3ESr"5rii 
(lf5t)©Tli*l^\ L2»U 7°^— h 3 3lt>*3 5 t-I^P£ft5#afR]S#® 
JE^iST Lfc4§-g\ 1 0^— fe^ h©«JEEtt*»giJ/jN»*rtl^W^IB'&l»IISl2 

ft-5o 
[0 0 7 5] 

t lt) */c»ft#:cDMft2 2 ^^ftrv^p^^iim/E^vi^ 3 2 ^mnu 7 

-3 il«U «^»w/t*{c:a|«ttiSK^56^»#t$ft5«t pt-Ufeft 

fttf>&e>/j;v\ £bfc, f^*«ffi«/hM«#:w^ft^b^ii-rs*-eM«Fb^ 

[0 0 7 6] 
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2 (Dmitt®'bmmr$<D{pift<D i m?Li~£. ^umwmt it 3 oy<—^> 
iisij^^(4it^7 7iaotiit tt^tn^ns^, ^^^-rs^-stfi 

[0 0 7 7] 
[0 0 7 8] 

femmteh<Dkvxmm\^&~?-b<QX3bz> 0 
m 1 1 
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[1212] 

in i (omm^mm-t & ? 4 * >-?mx&z> 0 

[1213] 

[H14 ] 
[HI5A] 

[1215 B] 

II2I6 ] 
[1217] 

I2|-efc^ 0 

[1218] 
[1219] 

im i o ] 

B& £r 0)1 ^ ir 5 121 -e & 5 o 
[1211 l] 
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[il2] 

mi 3) 
\m 1 4] 

£ o x m [bj $ * s tn^- (Dmm & Wtf-t 5 m x* 5 „ 

[015] 

^fm^7— o{iij®0^-riii-e*>5o 
[mi 6] 

mi i~nii 3<Dyt¥t&\z.mwte&ffitoffl&Wi&v>m&.mx'ibz>„ 

[HI 1 7] 

^®#7-<7)_k®|2| (^1) -CJfeS 0 

[121 1 8] 
£?®#7-?>_L®l2l (^r^2) 

[121 1 9 ] 
ffi m, # 7 — <£> HU® 121 T? 5 o 

[1212 0] 

121 1 l w^6<]}c:^BJ^»S»0J^^^<^^^— ^is(om$&%:Wf^rZ> 
121-efcSo 



4f * 2002-521658 



mi] 



FIG. 1 




'24 



(35) 



4$* 2002-521658 



FIG. 2 



r 21 

_n 



toi 



U 

I 
I 
I 



to 



t1t2 



(36) 2002-521658 

[03] 
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[El 9] 
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[Hill] 
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FIG. 13 
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[1212 0] 



FIG. 20 
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[fiffiB] 2^8 M 9 0 (2 0 0 0. 8. 9) 

[^MIE 1 ] 

(a) mmshmmzm^ £&'hm commit x^x. tsiu^m^mswrn^K 

(b) HulE^^y^ (a) tife»t5fl&Sao£WfcJ:o-cSinE/h«r»^»ottf^ 

[ft*jS2] mmxT^y (b) ^ miEreis^a^tLSNFWi:. tute 

ct o x , ;hm <o mmwm^m * £ *l « w Rt <d#^e t-o ^ t m^^m j: 
(b i) m^mmmm^&^X'bmtmmisfrz^^mmmzm?^-? 
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(b2) mmmvmm^'rv-? u> x-mmmmmm^^^r^ia^ti^ 
tm&m bm& m&K pj z> it #> kl >&m tt m m ^« $ & l ^ h#i^ <t ifi cd b# 

(b3) BUfS^X5/^ (b2) X*<Dffim"f-®m®L®W}?4^(D?^ J*T<> b\Z 

(b5) Hfria^^^^^NF^T'^Mfsm^f^^^m^L-T, huIe 

iBl^ai&SrKfii-S^T 1 ^^ (c) Sr-g-^, HulS^^r/T 0 (b) ^xfs'/ 

% t (o m i£<d m& k «t o r utts/hiR s&js* ©»f^ & mim ^ \^mm-r srt 

5/^ (a) -etftm^tb^iMKli:, KWI«©T««©ii:C«9oit«!*»Bi|/jN«©« 
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^^(tsriiao-c, ffiria»*j/j^iifii^«is&tmffi*a*j/h«ifi(So— » 
^wie-^^ hp<-^^ffii«9#<Jiia^©^«)^b«i-5Hiiia^^y7 B (c) 

iitS'J/hiiS ffi* K: ffl l£ tfMfc ffl £ ft 5 d>5 «fc o T ItufE/hM jitEiJ3£ (7) ffil ft «# mffi 

»&£ftfc/>*#, &mm'bmffi&*iriizfcvx&Wi-fz&mm'mffl& 

tiot stilt, m m<D o ^ssusft ^<Dmm<D o v > x mtmmm 
*mm&&m&-rz£?mtt'rz>tiiMmk* mmm^mtt^xoxnti^mm 

lES&J * ftfc/hW<z>afe £ > Huta/jN^^SiJ^{- «t o TStflMfciSBiJ $ ft 
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ilSU^ ^ ftL^-tffj; V ^ t Wife £ tLfcBUfSiS^ £ £ frtcffimmXffi 

it, mmmm^m^^mmtmitiznz^i)^ «t o -citMB/h»»aij»© 

sritaot, wsaasj/j^waiii^ftK&t^ifFSE^aBy/hjBaiK©— epsrs&E^ 
1 — htmu&m&(DKi®MmKy£^x&m-tz>. m^mi 5^is«^7n—^ 

-Y b*~? 0 

[ft 17] £ fete, Sutartig^ffi^^oTtfifS^^^^tB/K- h td 



(55) #$2 00 2-5 2 1 6 58 

<DffifcAatf—bb, tufa— tt<D®m<DmfcAntf— h bte^ts. I**Jfii8fc: 

is-jKtcuK© ^b fcsu mwm<D \zmm & ti tdmk<r> mm^mmkx 
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